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[0029] The atmosphere during baking is usually an oxygen-containing gas such as air. 
The baking apparatus may be a known one such as a box furnace, a tubular furnace, a 
tunnel furnace, or a rotary kiln. The lithium nickel manganese complex oxide 
produced according to the present invention is expressed by the general formula (I), and 
has a layered structure, 
[0030] 

[Chemical Formula 2] 

Li x Ni Y Mn z Q(i -y -z)0 2 (I) 
wherein in the chemical formula (I), X is a value within a range of 0 < X < L2, 
preferably 0< X < 1 . 1 * If X is beyond the range, the crystal structure may be 
destabilized, or the battery volume of the resultant lithium secondary battery may 
decrease. Y and Z are values which satisfy 0,5 < Y + Z < 1, and 0.7 < Y/Z < 9. If the 
relative proportion of manganese increases, synthesis of a single-phase lithium nickel 
manganese complex oxide becomes difficult. 

[0032] Q represents at least one selected from the group consisting of AI, Co, Fe, Mg, 
and Ca. Among them Al, Co, and Mg are preferable, and Al and Co are more 
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preferable. Al, Co, and Mg readily dissolve in LiNii. x Mn x 0 2 (0.7 < Ni/Mn < 9) to 
form a single-phase lithium nickel manganese complex oxide. When Al or Co is used, 
the lithium secondary battery containing the resultant lithium nickel manganese 
complex oxide as the cathode active material exhibits high-performance battery 
properties, in particular, achieves favorable performance in maintenance of the 
discharge capacity after repeated charge and discharge. In the composition expressed 
by the general formula (I), the ratio of oxygen may be slightly varied. 
[0033] The average primary particle diameter of the lithium nickel manganese 
complex oxide is usually 0.01 (am or more, preferably 0.02 \xm or more, and even more 
preferably 0.1 \xm or more, and usually 30 jam or less, preferably 5 jam or less, and even 
more preferably 2 jam or less. The average secondary particle diameter is usually 1 
\xm or more, preferably 4 jxm or more, usually 50 jam or less, and preferably 40 jam or 
less. The specific surface area of the lithium nickel manganese complex oxide as 
measured by the BET method is 0.1 m 2 /g or more and 8.0 m 2 /g or less, and preferably 
0.2 m 2 /g or more and 6.0 m 2 /g or less. The primary particle size can be controlled by, 
for example, changing the baking temperature or baking time. The primary particle 
diameter increases as the increase of the baking temperature or baking time. The 
secondary particle diameter can be controlled by, for example, changing the spray 
conditions such as the gas-liquid ratio during spray drying. The specific surface area 
can be controlled by changing the primary and/or secondary particle diameter. The 
specific surface decreases as the increase of the primary and/or secondary particle 
diameter. In general, if the specific surface area is too small, the primary particles are 
so large that the resultant battery has unfavorable properties. On the other hand, if the 
specific surface area is too large, making of an electrode composing a lithium secondary 
battery becomes difficult. The appropriate range of the specific surface area varies 
depending on the composition ratio of the lithium nickel manganese complex oxide. 
For example, when nickel and manganese in the general formula (I) are at equal rate, 
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the specific surface area is usually 1 m 2 /g or more, preferably 2 m 2 /g or more, and 
usually 8.0 m 2 /g or less, preferably 6.0 m 2 /g or less. In cases were cobalt is introduced 
as a substituent metal element to make the atomic ratio Y : Z : (1 - Y - Z) = 0.65 : 0,15 : 
0,20, the specific surface area is usually 0.1 m 2 /g or more, preferably 0.2 m 2 /g or more, 
and usually 1 ,0 m 2 /g or less, preferably 0.8 m 2 /g or less. In cases were cobalt is 
introduced as a substituent metal element, the above-described atomic ratio is preferable. 
More specifically, the values are preferably 1 < Y/Z < 7 and 0<(1-Y-Z)<0.3, 
particularly preferably 2 < Y/Z < 5 and 0,1 < (1 - Y - Z) < 0.25, The powder packing 
density is usually 0.5 g/cc or more, preferably 0.6 g/cc or more, and even more 
preferably 0.8 g/cc or more in terms of tap density (after 200 times of tapping). The 
higher the powder packing density, the higher the energy density per unit volume of the 
battery containing the powder as the cathode active material. In practice, the powder 
packing density is 3.0 g/cc or less, and usually 2.5 g/cc or less. 
[0043] 

[Examples] The present invention is illustrated below with reference to the 
following examples, but the present invention is not limited to the following examples 
without departing from the scope of the invention. 
Example 1 

LiOH-BbO, Ni(OH)2, and Mn203 were mixed at an atomic ratio of Li : Ni : Mn 
= 1.05 : 0.50 : 0.50. Pure water was added to the mixture to make a slurry having a 
solid content of 12.5% by weight. The slurry was pulverized under stirring using a 
circulating medium-stirring type wet mill (D YNO mill KDL-A, manufactured by 
Shirunaru Enterprises Corporation) until the average particle diameter of the solids in 
the slurry reduced to 030 ixm> The slurry was pulverized in a 300-mL pot for 6 hours. 
The initial viscosity of the slurry was 1510 mPAs as measured by a BM type 
viscometer manufactured by Tokimec Inc. 

[0044] The slurry was spray-dried using a two-fluid nozzle spray-dryer (L-8 type 
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spray dryer, manufactured by Ohkawara Kakohki Co,, Ltd.). The drying gas was air, 
the flow rate of the drying gas was 45 m 3 /min, and the drying gas inlet temperature was 
90°C. The granules obtained by the spray drying were baked in air at 900° C for 10 
hours, and thus a lithium nickel manganese complex oxide having an atomic ratio of the 
charges, 

[0052] Example 4 

A lithium nickel manganese complex oxide was obtained in the same manner 
as Example 1, except that LiOH*H 2 0, Ni(OH) 2 , M112O3, and Co(OH)2 were mixed at an 
atomic ratio of Li : Ni : Mn : Co = 1.05 : 0,45 : 0.45 : 0.10. 

[0053] The initial viscosity of the slurry was 820 mPA*s. The obtained complex 
oxide was composed of almost spherical particles having an average particle diameter 
of 5.8 jam. and the maximum particle diameter of 1 5 |_im. The lithium nickel 
manganese complex oxide had a rhombohedral layered structure as determined by 
powder X-Ray diffraction. The powder packing density (tap density) after 200 times 
of tapping was 1.0 g/cc, and the specific surface area as measured by the BET method 
was 3.4 m 2 /g. 
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